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[bookmark: RANGE!A1:D18]F4.	DEVELOPMENT OF THE JOB EXPOSURE MATRIX	Comment by Bbenso02: We need a section from UC describing the engineering controls and when they were added.  We also need a discussion of the IH data collection and the duration of the sampling.  See Batson email of 10/05.  I think most of the points raised by Krista have been covered.

I think the sections on engineering changes and IH data should be added earlier in the appendix as they apply to both UC JEM and R8 JEM.

I will add a start on the issue of duration of IH sampling, but it will need some additions.  I will put it at the end of this document.



F4.1	General Strategy



A job exposure matrix (JEM) is a table that provides estimated exposure levels in air (f/cc) for workers in each job for each year.  The exposure interval of interest for the Marysville worker cohort begins in 1957 when vermiculite was first used in the plant, and extends to 2000 when vermiculite usage ended.



Industrial hygiene samples that provide data on fiber levels in workplace air were first collected in 1972, and air sampling at the plant continued through 1994.  These samples were analyzed using phase contrast microscopy (PCM), in which fibers were counted if they meet the following rules:



· Length greater than 5 μm

· Thickness less than 3 μm

· Aspect ratio (length / thickness) of 3:1 or more



Because PCM does not distinguish between different types of asbestos, or between asbestos and non-asbestos fibers, the concentrations reported are not specific to asbestiform minerals, but may also include other mineral or non-mineral fibers.



Because measurements of fibers in the air are available only for the central portion (1972-1994) of the exposure interval of interest (1957-2000), the JEM was constructed in two steps:



Step 1:  Industrial hygiene data collected between 1972 and 1994 were utilized to derive estimates of yearly average concentrations by job during this interval.  Exposure levels in 1994 that were estimated from industrial hygiene data were assumed to remain constant until 2000.



Step 2:  Information available from plant records and worker focus groups was used to estimate concentrations from 1957 to 1971 by extrapolation from 1972 values



Two alternative strategies were used to construct the JEMs.  The first strategy, implemented by the University of Cincinnati, was based on the log-transformed data, and the exposure metric provided in the JEM was the geometric mean exposure concentration.  The second approach, implemented by EPA working in consultation with the University of Cincinnati, utilized the un-transformed data, and the exposure metric provided in the JEM was the arithmetic mean exposure concentration.  The details of these two approaches are provided below.




F4.2	Derivation of a JEM Based on Log-Transformed Data



INSERT original UC section F4 here



F4.3	Derivation of a JEM Based on Un-Transformed Data



The basic approach used by EPA for deriving a JEM based on the un-transformed data was generally similar to that used for the log-transformed data, with the following exceptions:



· Non-detects were assigned a value of zero rather than the detection limit (Cameron and Pravin 2007, Haas et al. 1999, EPA 1999, EPA 2008)

· The IH data were fit to mathematical models to characterize time trends, rather than using linear interpolation between “index years”

· Indoor trionizing jobs were modeled individually rather than combining into one data set



The details of this approach are described below.



F4.3.1	Fitting Available Industrial Hygiene Data from 1972-1994 



Trionizing Department Data



As noted previously, industrial hygiene data collected in the trionizing department between 1972 and 1994 were classified as being associated with nine different types of job (blender, cleanup, dryer, expander, feeder, mill, resin, track other, and track unload).  Table F4.1 provides summary statistics for these trionizing jobs.



Table F4.1  Summary Statistics for Trionizing Jobs	Comment by Bbenso02: In the table Track should be Track other and Unload should be Track unload

[image: ]



As indicated, mean exposure levels vary between jobs, and also tend to decrease over time.  Because there are not sufficient data to calculate a reliable estimate of the arithmetic mean exposure level for each job for each year, the data for each job were fit to a mathematical model to characterize the rate of change over time.  Several different modeling approaches were evaluated, as described below.  



Fitting Method 1:  locally weighted scatterplot smoothing LOESS	Comment by David L. Berry: Definition	Comment by Bbenso02: Define LOESS with words.



The first method consisted of a non-parametric modeling approach (LOESS) which could accommodate concentration patterns that fluctuate over time.  The analysis was implemented using PROC LOESS (SAS for Windows, Version 9.3, SAS Institute, Cary, NC) where concentration was modeled as a LOESS smoother of time.  The optimum smoothing parameter was determined by a grid search which identified the value which minimized the Akaike Information Criterion with Correction (AICC).  However, the results were quite erratic with large variability (see Figure F4.1).  This was judged to be related to variations in the amount of data available over various time spans rather to than to authentic variations in concentration.  On this basis, the LOESS approach was not pursued further.



Fitting Method 2:  Continuous Exponential Models with Independent Slopes



The second fitting method that was evaluated used an exponential regression model of the following form:



C(t) = b0 ∙ exp (-b1 ∙ t)



where:

 

C(t) = average concentration at time t

b0 = fitting parameter

b1 = fitting parameter

t = number of years from 1/1/1970 (an arbitrary frame of reference) to the date of sampling.  This strategy for defining t was selected to facilitate efficient model convergence in SAS.



This model form was selected because it yields a smooth curve that is determined by the entire data set, and cannot take on values lower than zero.  Parameters were estimated by iteratively reweighted least squares (IRWLS).  This analysis was implemented using the SAS procedure PROC NLIN (SAS for Windows, Version 9.3, SAS Institute, Cary, NC).  A power of the mean variance function was specified where the parameters of the power function were estimated along with parameters of the regression model:



	Variance(t) = C(t)Ɵ	Comment by Bbenso02: What goes in the little box?



When each job was fit individually, most yielded reasonable fits (see Figure F4-2).  However, cleanup and blender yielded fits in which predicted concentrations for 1972-1973 were substantially higher than could be justified with known information about the manufacturing process.  These results were judged to be due mainly to the absence of data in the early time frame (1972-1973), and were considered to be unreliable.  On this basis, this approach was not pursued further.	Comment by David L. Berry: the iteratively reweighted leas squares methodology



Fitting Method 3:  Continuous Exponential Models with Common Slopes



In order to avoid the unrealistic results generated when each job is allowed to have a separate slope term, a strategy of grouping jobs expected to show a similar rate of decline was employed to obtain more reliable and realistic fits.  Based on the expectation that the rate of decline in average exposure level was likely to be similar for trionizing jobs in the same general area, the jobs were grouped into two categories: jobs located inside the trionizing building (indoor jobs) and jobs located in the railroad yard (outdoor jobs).  Indoor jobs included blender, cleanup, dryer, expander, feeder, mill, and resin, while outdoor jobs included track (further subdivided into track unload and track other).



For each group, the data were fit to the model, requiring the slope parameter (b1) to be the same for all jobs within the same group.  Results are displayed in Figure F4-3.



Fitting Method 4:  Segmented Exponential Models



The fourth approach that was tested was similar to the third approach, except that the data were divided into two or three time segments, with different exponential curves fit to each segment.  This approach was based on the expectation that the rate of decline in average exposure levels in the trionizing department was related to the timing and effectiveness of various engineering controls.  As discussed previously, a number of different engineering controls were installed over time, with the largest decreases in dust level tending to occur in the 1976 to 1980 time frame.  After 1980, Libby vermiculite was no longer used, and exposure levels tended to be low and relatively constant.  Based on this, for indoor trionizing jobs, the data were fit using a three-segment approach, with the time segments being defines as follows:	Comment by Bbenso02: UC will provide.  We need to decide where the new material should be placed.



	Segment 1:  Prior to 1/1/1976

	Segment 2:  1/1/1976 to 12/31/ 1981	Comment by Bbenso02: This should be 12/31/1980.

	Segment 3:  1/1/1981 and after



As noted previously, it is not expected that engineering controls installed to reduced indoor exposures in the trionizing department would have significant impact on the outdoor exposure levels, so outdoor trionizing jobs (track other and track unload) were fit to a two-segment model, with the break point between segments occurring at 1/1/1981.  Results are shown in Figure F4-4.

 

Selection of the Preferred Fitting Approach



In choosing between fitting Strategy 3 and fitting Strategy 4, two factors were considered:  statistical goodness of fit, and consistency with the general understanding of the impact of engineering controls.



The statistical goodness of fit was evaluated by comparison of the mean square error (MSE), adjusted to account for the number of parameters in the model.  For both indoor and outdoor jobs, the multi-segmented approach (Strategy 4) yielded a better fit than the unone-segmented approach (Strategy 3), as shown below:	Comment by Bbenso02: Add error SSE as well. Define SSE in words.  Leonid asked for CHI Squared.  Do we have an answer for why we don’t have this value?



Table F4.2.  Goodness of Fit Statistics for Trionizing Jobs	Comment by Bbenso02: Define F.  What comparison is made for p?

		Data Set

		Fitting

		SSE

		MSE

		F

		p



		Indoor

		1 segment

		3096.5

		5.80

		17.91

		<0.001



		trionizing

		3 segment

		2707.9

		5.08

		18.17

		<0.001



		Outdoor

		1 segment

		6139.9

		33.6

		11.24

		<0.001



		trionizing

		2 segment 

		5757.7

		31.5

		11.99

		<0.001







In addition, the multi-segmented approach is consistent with the approach used by the University of Cincinnati for fitting the log-transformed data, and is consistent with the available information regarding the implementation and effectiveness of various dust control techniques in the trionizing department.  For these reasons, the multi-segmented fits were selected for use in calculation of the JEM for trionizing jobs.  Best fit model parameters and confidence intervals for the preferred models are shown in Table F4.3.



Table F4.3.  Best Fit Parameter Values for Trionizing Jobs

[image: ]	Comment by David L. Berry: Do we need to change track to track other and unload to track unload?



Calculation of Job-Weighted Average Exposure Within the Trionizing Department



As discussed previously workers in the trionizing department rotated between jobs, spending approximately equal amounts of time in each job during each work cycle, including equal time at each of the two dryer locations.  When working track, about 25% of the time was spent at track unload, and 75% was spent at track (other).  Based on this, the following, job-weighting factors (JWFs) were computed:



Table F4.4  Job-Weighting Factors for Trionizing Department Workers

[image: ] 



The job-weighted average exposure across all jobs (j) for each year (t) in the trionizing department was then calculated as:



Job-Weighted average (t) = 



Data for Other Departments (“Background”)



As discussed previously, industrial hygiene measurements in locations where only expanded vermiculite or no vermiculite was used were defined as having “plant background” exposure.  These included measurements in polyform, plant maintenance, office, research, pilot plant, warehouse, central maintenance, and packaging.  A total of 171 industrial hygiene samples were collected in these departments between 1972 and 1994.  Summary statistics for these samples are summarized in Table F4.5:



Table F4.5.  Summary Statistics for Industrial Hygiene Data (PCM f/cc) for Background Jobs

[image: ]



Of these samples, one (a value of 4.03 f/cc measured in the lab, indicated by shading in Table F4.5) was excluded as an outlier, since it was more than 10-fold higher than any other sample in the background data set.  After exclusion of this one sample, all other measurements of fiber in air from these departments tended to be relatively low, with little distinction among departments.  Therefore, data for all non-trionizing departments background jobs were combined and fit as a single data set.  



Both the continuous and two-segment exponential fitting strategies were tested for the background data set.  Of these, the two-segment exponential was selected as being most appropriate because the mean square error was lower than for the onetwo-segment model:	Comment by Bbenso02: Add error SSE lower as well.







Table F4.6.  Goodness of Fit Statistics for Background Jobs	Comment by Bbenso02: Same questions about F and p in this table.

		Data Set

		Fitting

		SSE

		MSE

		F

		p



		Background

		1 segment

		3.33

		0.020

		50.98

		<0.001



		

		2 segment 

		2.99

		0.018

		38.77

		<0.001







Figure F4-5 shows the two-segment exponential fit for the background data set.



F4.3.2	Estimation of Exposure Levels from 1957 to 1971 	Comment by Bbenso02: Add a section for plant maintenance and central maintenance using 50:50 and 10:90.  Add wording from Section F.4.4 or cross reference F.4.4.



Extrapolation of model-predicted exposure concentrations in 1972 backwards in time to earlier years was performed as described previously (see Section F4.2.x).  In brief, the extrapolation was based on a consideration of relative dust levels as well as the relative amounts of vermiculite from Libby or South Carolina, and the relative asbestos content of these types of vermiculite.  The basic equation used for extrapolation is as follows:





where:



	Cy = 	Extrapolated concentration of fiber in year y

C1972 = Estimated concentration of fiber in 1972

Dust ratio = estimated ratio of vermiculite dust in air in year y compared to 1972

FL = 	fraction of vermiculite derived from Libby in year y

FSC = 	Fraction of vermiculite derived from South Carolina in year y

k =	Estimated relative concentration of fiber in South Carolina vermiculite compared to Libby vermiculite



As discussed previously, the dust ratio in 1967 was assumed to be twice as high as in 1971, decreasing linearly over this time window.  For all other background and track jobs, the dust ratio was assumed to be 1:1.  Data on the relative amounts of vermiculite from Libby and South Carolina were derived from company records (see Table F4-x, above), and the relative asbestos content of Libby vermiculite to South Carolina vermiculite was estimated to be 10:1.  Based on these values and estimates, extrapolation factors were calculated as summarized in Table F4.7:	Comment by Bbenso02: Add: “for the trionizing jobs.”	Comment by Bbenso02: Should be 1972.	Comment by David L. Berry: Do we have a reference for this value?






Table F4.7  Extrapolation Factors for 1957-1972

[image: ]



F4.3.3	JEM Based on Untransformed Data 



As described above, IH measurements from the plant were used to estimate yearly arithmetic mean exposure levels in the trionizing department and in all other departments (background) from 1957 to 2000.  Table F4.8 provides the job-exposure matrix developed using this methodology.




Table F4.8  JEM Based on Arithmetic Mean Values

		Year

		Trionizing
(TWA All Jobs)

		Plant Maint.
(50/50)

		Central Maint.
(10/90)

		Background 
(a)



		

		

		

		

		



		1957

		1.858

		0.941

		0.207

		0.024



		1958

		1.858

		0.941

		0.207

		0.024



		1959

		7.209

		3.650

		0.803

		0.092



		1960

		7.209

		3.650

		0.803

		0.092



		1961

		7.209

		3.650

		0.803

		0.092



		1962

		7.209

		3.650

		0.803

		0.092



		1963

		7.209

		3.650

		0.803

		0.092



		1964

		11.390

		5.767

		1.269

		0.145



		1965

		14.065

		7.122

		1.567

		0.179



		1966

		17.243

		8.731

		1.921

		0.219



		1967

		16.406

		8.307

		1.828

		0.208



		1968

		13.838

		7.015

		1.556

		0.191



		1969

		13.028

		6.613

		1.481

		0.198



		1970

		12.767

		6.491

		1.470

		0.215



		1971

		11.950

		6.088

		1.398

		0.225



		1972

		10.996

		5.616

		1.312

		0.236



		1973

		8.719

		4.447

		1.029

		0.175



		1974

		6.963

		3.547

		0.813

		0.130



		1975

		5.568

		2.832

		0.644

		0.097



		1976

		3.538

		1.805

		0.419

		0.073



		1977

		1.788

		0.921

		0.227

		0.054



		1978

		1.006

		0.523

		0.137

		0.040



		1979

		0.623

		0.326

		0.089

		0.030



		1980

		0.418

		0.220

		0.062

		0.022



		1981

		0.344

		0.182

		0.052

		0.019



		1982

		0.344

		0.181

		0.051

		0.019



		1983

		0.343

		0.181

		      -- (b)

		0.019



		1984

		0.345

		0.182

		--

		0.018



		1985

		0.343

		0.180

		--

		0.018



		1986

		0.342

		0.180

		--

		0.018



		1987

		0.342

		0.180

		--

		0.018



		1988

		0.344

		0.181

		--

		0.017



		1989

		0.342

		0.179

		--

		0.017



		1990

		0.341

		0.179

		--

		0.017



		1991

		0.341

		0.179

		--

		0.017



		1992

		0.343

		0.180

		--

		0.017



		1993

		0.340

		0.178

		--

		0.016



		1994

		0.340

		0.178

		--

		0.016



		1995-2000

		0.340

		0.178

		--

		0.016



		

		

		

		

		



		(a)  Bkg includes pilot plant, research, polyform, office, packaging, warehouse



		(b)  Beginning in 1983, central maintenance was outsourced

		












F4.4	Selection of the Preferred JEM



[bookmark: _GoBack]In occupational epidemiology and industrial health studies, evaluations of worker exposure are often based on estimates of the geometric mean exposure concentration (add refs ??).  However, EPA traditionally employs the arithmetic mean exposure level in computing exposure and risk (add references), and toxicity values employed by EPA in risk quantification are based on arithmetic mean exposures.  For this reason, EPA determined that the JEM based on un-transformed data (as described in Section F4.3) is the most appropriate for use in calculating cumulative worker exposure, as described in the following section, and used to derive in derivation of the RfC, as described in the following section.



F.?.?  Decisions relevant to the use of the industrial hygiene data



	Industrial hygiene sampling for airborne fibers using membrane filters at a sampling rate of 2 L/min was initiated in 1972.  Before 1976, sampling was accomplished by industrial hygiene personnel following an employee with a sampling device.  These initial samples were collected for a relative short period of time (typically less than 30 minutes in 1973, less than 60 minutes in 1975, and equal to or less than 60 minutes in 1976.  After 1976 fiber measurements were obtained by industrial breathing zone sampling in which the sampling device was worn by the employee.  The personal sampling typically used a longer sampling duration (equal to or less than 120 minutes in 1977 and 1978 and equal to or less than 7.5 hours in 1979 and subsequent years.



	As noted above, all of the industrial hygiene data were entered into an electronic data base.  The data were examined to eliminate duplicate samples (same date, same department, same duration of sampling, and same numerical value).  A total of 914 individual data points were initially identified and were used by UC to construct the Job Exposure Matrix based on the geometric mean.  Subsequent evaluation found an additional 15 duplicate samples and 899 individual data points were used in the development of the Job Exposure Matrix based on the arithmetic mean.



	The industrial hygiene data forms did not consistently identify the detailed activity that was occurring during the sampling event.  Consequently no objective criteria could be identified to include or exclude any data point.  Therefore, all of the 914 or 899 data points were used with no adjustment for sampling duration to construct the Job Exposure Matrix.



Note:  There is some additional description of the IH data in Section F.3.3.  All of this information could be moved into one place.  However, at this point I don’t want to mess with the UC text.
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Paraneter Blender Cleanup Drier Expander Feeder Mill Resin Track Unload


b0 (segment 1) 5.693 8.808 2.563 12.378 53.640 21.704 5.779 2.425 240.615


b0 (segment 2) 434.1 672 195 944 4090 1655 441 0.110 10.952


b0 (segment 3) 0.0 0.0 0.0 0.0 0.2 0.1 0.0


b1 (segment 1) 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.282 0.282


b2 (segment 2) 0.925 0.925 0.925 0.925 0.925 0.925 0.925 0.001 0.001


b3 (segment 3) 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Blender Cleanup Dryer Expander Feeder Mill Resin Track unload Track other


0.111 0.111 0.222 0.111 0.111 0.111 0.111 0.028 0.083


Indoor Outdoor




image4.emf

Background


Job N Mean Max N Mean Max N Mean Max N Mean Max N Mean Max


Cafeteria 0 -- -- 0 -- -- 0 -- -- 2 0.003 0.004 0 -- --


Central maint 0 -- -- 0 -- -- 3 0.066 0.103 1 0.018 0.018 0 -- --


Control 1 0.001 0.001 19 0.058 0.240 6 0.046 0.110 4 0.033 0.070 0 -- --


Lab 0 -- -- 1 4.030 4.030 0 -- -- 3 0.023 0.060 0 -- --


Office 0 -- -- 0 -- -- 0 -- -- 4 0.026 0.094 1 0.005 0.005


Packaging 2 0.400 0.400 35 0.027 0.120 14 0.036 0.130 15 0.009 0.030 9 0.011 0.021


Plant maint 0 -- -- 0 -- -- 11 0.032 0.105 13 0.013 0.022 0 -- --


Poly maint 0 -- -- 1 0.039 0.039 0 -- -- 1 0.000 0.000 0 -- --


Polyform 1 0.001 0.001 0 -- -- 0 -- -- 0 -- -- 0 -- --


Polypackaging 0 -- -- 9 0.014 0.036 0 -- -- 0 -- -- 0 -- --


Warehouse 1 0.001 0.001 1 0.000 0.000 4 0.033 0.077 9 0.012 0.038 0 -- --


1972-75 1976-80 1981-85 1986-90 1991-1994
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Dept. Year


Dust 


ratio


F


L


F


SC


k


Extrap. 


Factor


1957 2.00 0.00 1.00 0.10 0.200


1958 2.00 0.00 1.00 0.10 0.200


1959 2.00 0.32 0.68 0.10 0.776


1960 2.00 0.32 0.68 0.10 0.776


1961 2.00 0.32 0.68 0.10 0.776


1962 2.00 0.32 0.68 0.10 0.776


1963 2.00 0.32 0.68 0.10 0.776


1964 2.00 0.57 0.43 0.10 1.226


1965 2.00 0.73 0.27 0.10 1.514


1966 2.00 0.92 0.08 0.10 1.856


1967 2.00 0.87 0.13 0.10 1.766


1968 1.80 0.79 0.21 0.10 1.460


1969 1.60 0.82 0.18 0.10 1.341


1970 1.40 0.90 0.10 0.10 1.274


1971 1.20 0.95 0.05 0.10 1.146


1972 1.00 1.00 0.00 0.10 1.000


1957 1.00 0.00 1.00 0.10 0.100


1958 1.00 0.00 1.00 0.10 0.100


1959 1.00 0.32 0.68 0.10 0.388


1960 1.00 0.32 0.68 0.10 0.388


1961 1.00 0.32 0.68 0.10 0.388


1962 1.00 0.32 0.68 0.10 0.388


1963 1.00 0.32 0.68 0.10 0.388


1964 1.00 0.57 0.43 0.10 0.613


1965 1.00 0.73 0.27 0.10 0.757


1966 1.00 0.92 0.08 0.10 0.928


1967 1.00 0.87 0.13 0.10 0.883


1968 1.00 0.79 0.21 0.10 0.811


1969 1.00 0.82 0.18 0.10 0.838


1970 1.00 0.90 0.10 0.10 0.910


1971 1.00 0.95 0.05 0.10 0.955


1972 1.00 1.00 0.00 0.10 1.000


Trionize 


(outdoor jobs) 


and Background


Trionize (all 


indoor jobs)




image1.emf

Trionizing


Job N Mean Max N Mean Max N Mean Max N Mean Max N Mean Max


Blender 0 -- -- 24 0.180 1.170 3 0.014 0.019 0 -- -- 0 -- --


Cleanup 1 5.300 5.300 52 0.749 10.530 3 0.020 0.050 0 -- -- 0 -- --


Dryer 2 1.150 2.100 6 0.061 0.180 11 0.050 0.110 27 0.021 0.090 0 -- --


Expander 64 5.721 59.300 157 1.557 48.000 24 0.063 0.230 23 0.037 0.085 8 0.056 0.170


Feeder 0 -- -- 23 5.958 50.200 5 0.028 0.100 1 0.008 0.008 3 0.069 0.100


Mill 0 -- -- 39 0.616 6.070 13 0.049 0.100 18 0.042 0.360 7 0.068 0.200


Resin 0 -- -- 13 0.071 0.190 12 0.054 0.170 3 0.006 0.010 0 -- --


Track 0 -- -- 33 0.118 1.460 18 0.032 0.130 37 0.062 1.510 14 0.060 0.220


Unload 2 3.500 5.200 53 17.174245.000 22 9.046 35.760 7 1.142 2.090 0 -- --


1972-75 1976-80 1981-85 1986-90 1991-1994





